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(57) ABSTRACT

An enhanced bypass mode simulcast radio communication
system (200) includes a plurality of transmit/receive (T/R)
sites (210,, 210,, 210;) configured to participate in a simul-
casting communication session responsive to a control point
system (201). A site controller (211) is responsive to deter-
mination of'a timing malfunction at a first one of the T/R sites.
In response, the site controller is configured to automatically
terminate participation of the malfunctioning T/R site in the
simulcasting communication session and perform further
actions to cause the malfunctioning site to transition to a
multisite mode of operation involving a network switching
center (202). The simulcast system automatically adjusts its
site timing to compensate for the loss ofthe T/R site in bypass.
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1
ENHANCED BYPASS OPERATION IN
SIMULCAST RADIO COMMUNICATION
SYSTEM

BACKGROUND OF THE INVENTION

1. Statement of the Technical Field

The inventive arrangements relate to communication sys-
tems, and more particularly to fault tolerant simulcast com-
munication systems.

2. Description of the Related Art

Simulcast systems are frequently used in critical public
safety communication applications. In a simulcast communi-
cation system, multiple remote transmit sites operate under
the command of a common control point. The control point
causes each transmit site to broadcast the same signal, on the
same RF frequency, at the precise time necessary for simul-
taneous arrival of the signal in overlap regions. This arrange-
ment allows a simulcast communication system to provide
reliable communication over a broader geographic area than
would otherwise be possible with a single transmitting sta-
tion. Simulcast systems have many advantages but must con-
tend with the problem oftime delay interference (TDI), which
involves signals from one transmit site destructively interfer-
ing with signals from other transmit sites. In order to control
this problem, each remote transmit site will include a very
precise timing system to facilitate synchronization of RF
transmissions from each of the multiple transmit sites. Still,
timing systems are a potential point of failure in simulcast
communication systems and when a timing system fails, the
remote transmit site can no longer function as part of the
simulcast system. When this happens the malfunctioning
transmit site will frequently engage a bypass mode of opera-
tion. In a bypass mode, the site functions in a way that is
similar to an ordinary trunked repeater site to facilitate con-
tinued communications among mobile units within a cover-
age area of the malfunctioning transmit site. In this bypass
mode, the transmit site operates in a way that is substantially
autonomous relative to the remainder of the simulcast system.
However, a dispatch console under these conditions will gen-
erally lose the ability to communicate with mobile units
through the malfunctioning transmit site. The dispatch opera-
tor canrevert to an auxiliary radio for communicating through
the remote transmit site, but in so doing will lose the benefit of
many advanced functions provided by the dispatch console.

SUMMARY OF THE INVENTION

Embodiments of the invention concern a simulcast radio
communication system and method which offers enhanced
bypass operation. A simulcast radio communication system
includes a plurality of transmit/receive (T/R) sites configured
to participate in a simulcasting communication session
responsive to a control point system. A site control processor
is responsive to determination of a malfunction (e.g. a timing
malfunction) ata first one of the T/R sites. In response, the site
control processor is configured to automatically terminate
participation of the malfunctioning T/R site in the simulcast-
ing communication session and perform further actions to
cause the malfunctioning site to transition to a multisite mode
of operation. The site control processor will initiate a com-
munication with a network switching center (NSC) using a
packet switched network. The purpose of the communication
will beto register the malfunctioning T/R site with the NSC as
a multisite communication node. When the T/R site is func-
tioning in a multisite mode of operation, it will transmit at
times and frequencies which are different from a remainder of
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the T/R sites which are still participating in the simulcasting
communication session. The simulcast radio system can
adjust its site timing to compensate for the altered RF propa-
gation overlaps when the site is lost.

When the malfunctioning T/R site is operating in multisite
mode, the NSC is advantageously configured to route com-
munications between a dispatch console participating in the
simulcasting communication session, and the malfunctioning
T/R site. The NSC is also advantageously configured to route
communications between the malfunctioning T/R site and the
control point. Upon elimination of the malfunction, the site
control processor causes termination of the multisite mode of
operating by the first T/R site, and causes at least one message
to be communicated from the T/R site to the control point
system to re-establish normal participation of the site in the
simulcasting communication session.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described with reference to the fol-
lowing drawing figures, in which like numerals represent like
items throughout the figures, and in which:

FIG. 1 is a diagram of a prior art simulcast communication
system.

FIG. 2 is a block diagram of a simulcast communication
system that is useful for understanding the invention.

FIG. 3 is a flowchart that is useful for understanding the
invention.

FIG. 4 is a block diagram of a computer system that is
useful for understanding the invention.

DETAILED DESCRIPTION

The invention is described with reference to the attached
figures. The figures are not drawn to scale and they are pro-
vided merely to illustrate the instant invention. Several
aspects of the invention are described below with reference to
example applications for illustration. It should be understood
that numerous specific details, relationships, and methods are
set forth to provide a full understanding of the invention. One
having ordinary skill in the relevant art, however, will readily
recognize that the invention can be practiced without one or
more of the specific details or with other methods. In other
instances, well-known structures or operation are not shown
in detail to avoid obscuring the invention. The invention is not
limited by the illustrated ordering of acts or events, as some
acts may occur in different orders and/or concurrently with
other acts or events. Furthermore, not all illustrated acts or
events are required to implement a methodology in accor-
dance with the invention.

Referring now to FIG. 1 there is shown a typical simulcast
type RF communication system 100. Simulcast RF systems
are well known in the art and therefore will not be described
here in detail. However, a brief overview of the operations of
simulcast system 100 shall be provided for aiding in the
understanding of the inventive arrangements. The communi-
cation system 100 includes three simulcasting transmit/re-
ceive sites (T/R sites) S1, S2 and S3. The transmissions of
each site cover a predetermined geographic coverage area.
For example, the T/R site S1 can cover area Al, T/R site S2
can cover area A2, and the T/R site S3 can cover area A3. A
central control point 104 is communicatively coupled to each
of the T/R sites S1, S2 and S3 by means of communication
links I.1, .2 and L3.

The control point 104 communicates substantially identi-
cal signals to each of the T/R sites where the signals are
transmitted at a controlled time and on the same RF frequency
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to one or more mobile radio units within the coverage areas
Al, A2 and/or A3. As used herein, a mobile radio unit or
mobile unit can include a vehicle mounted radio system or a
portable radio system carried by a user. A mobile unit M1, M2
and/or M3 can receive such outbound transmissions from a
T/R site. As an example, a communication signal can origi-
nate with a dispatch console 102 and can be forwarded to the
control point 104. The signal can be communicated from the
control point to each of the T/R sites S1, S2, and S3. The
communication can then be transmitted from each of the T/R
sites, with appropriate timing offsets applied to the signal so
as to minimize time delay interference.

The exemplary system described herein provides a digital
control channel and a plurality of working channels. Accord-
ingly, a request to communicate can be sent from the mobile
unit (e.g. mobile unit M3) by transmitting a channel assign-
ment request to a T/R site (e.g. T/R site S3) on an inbound
control channel. When the channel assignment request is
received by the T/R site, it is communicated to control point
104. The control point 104 responds by causing a control
channel assignment message to be simultaneously transmit-
ted using T/R sites S1, S2 and S3. The control channel assign-
ment message is received by the mobile unit M (and any other
mobile units that are “called” by that channel assignment. The
mobile unit M and any other called mobile units respond to
the channel assignment message by transitioning to a work-
ing RF frequency. The called radios then communicate using
the working frequency until the termination of the communi-
cation session.

During a communication session, transmissions from a
mobile unit (e.g. mobile unit M3) will be received at one or
more of the T/R sites S1, S2 and S3. When received, each of
these transmission is forwarded to the control point 104,
where the signal with the best signal to noise ratio or lowest
bit error rate is selected. That signal is then communicated
back to each of the T/R sites where it is rebroadcast by each of
the T/R sites so that it may be heard by other mobile units
within coverage areas A1, A2 and/or A3. Upon completion of
the communication session, the various mobile radios return
to a state in which they continue to monitor the outbound
control channel for additional control messages.

In order to prevent time delay interference, identical trans-
missions emanating from T/R sites S1, S2 and S3 must be
time synchronized. The timing of each transmission is pre-
cisely adjusted relative to the other transmission so as to
minimize time domain interference. Various techniques are
available for implementing such time synchronization. For
example, a common technique is to use a global positioning
system (GPS) satellite receiver at each T/R site for providing
access to a common timing reference. Other systems for
maintaining system timing are also possible.

In a simulcast system such as system 100, a known failure
mode arises when one of the T/R sites (e.g. T/R site S1) is
unable to maintain time synchronization with a remainder of
the T/R sites. In such a scenario, the T/R site will enter a
bypass mode of operation, and the control point 104 will
adjust appropriately. When the fault or faults are corrected,
the T/R site exits bypass mode and resumes simulcast opera-
tion. When a T/R site enters bypass mode it is said to be
“orphaned”. When orphaned, there are two bypass modes of
operation that are possible. The site can “go dark” in which
case it simply goes off the air. Communications in the site’s
coverage area are then dependent upon “fill in’ coverage from
the adjacent simulcast sites. If the T/R site is allowed to
simply “go dark,” the control point 104 can continue to use all
of its available channels for its remaining remote transmit
sites. The benefit of this type of bypass plan is that all system
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features continue to be available for all users that are located
in areas with coverage; the drawback is there may be some
areas where no communication capability exists due to insuf-
ficient fill in coverage or too much time delay interference.

An alternative approach for dealing with orphaned T/R
sites is to allow the orphaned site to stay on the air as an
independent standalone repeater site, using some subset of
the total available number of simulcast system channels.
Accordingly, mobile to mobile radio communications within
the coverage area of the orphan site can continue. In such a
scenario, the control point 104 must remove the channels
allocated to the orphaned T/R site from simulcast service to
avoid interference with the operations of the other simulcast
T/R sites. The benefit of the this approach is that full geo-
graphic coverage of service areas is maintained; the draw-
backs are that (1) the users in the area covered by the orphaned
site are cut off from the rest of the system and from multisite
and console calls, and (2) the remaining simulcast system and
the orphaned site each have a reduced number of channels.
Because the users are cut off from normal console-based
communications, a backup radio at the location of the console
operator must be used by the console operator to communi-
cate with the orphaned simulcast site.

Referring now to FIG. 2, there is shown an exemplary
simulcast communication system 200. The communication
system 200 provides enhanced features for avoiding certain
problems associated with conventional bypass mode as out-
lined above. According to one aspect of the invention, the
system 200 is a digitally trunked simulcast communication
system. For example, the system 200 can use a control chan-
nel and a plurality of working channels.

System 200 includes a control point system 201 and a
plurality of T/R sites 210,, 210,, 210,. Control point system
201 is configured to control simulcast operations of T/R sites
210,, 210,, 2105. As such, the control point system will
communicate in real time substantially identical signaling
(including digital control channel signaling and associated
timing information) for transmission by the various T/R sites.
The control point system will also evaluate received signals
from mobile radio units (as provided by each ofthe T/R sites),
and will select the received signal with best signal to noise
ratio or lowest bit error rate. The control point system 201 will
forward the selected signal to each of the T/R sites for re-
transmission. The control point system will also communi-
cate the selected signal to a network switching center 202,
which will direct the received voice data communication to
the dispatch console 204. The control point system is prefer-
ably configured to support packet based communications
(e.g. IP based packet communications). According to one
embodiment, the control point can be configured to support
trunking in accordance with a Project P25 (P25) communi-
cation protocol. The phrase Project 25 or P25, as used herein,
refers to a set of system standards produced by the Associa-
tion of Public Safety Communications Officials International
(APCO), the National Association of State Telecommunica-
tions Directors (NASTD), selected Federal Agencies and the
National Communications System (NCS). The P25 set of
system standards generally defines digital radio communica-
tion system architectures capable of serving the needs of
Public Safety and Government organizations.

In the exemplary embodiment shown, three T/R sites are
provided, but the invention is not limited in this regard. Each
T/R site includes several components for facilitating a digi-
tally trunked simulcast communication system 200. For
example, each T/R site advantageously includes a site router
212, a LAN switch 214, trunking controller 216, and an RF
transceiver 217. Routers and LAN switches are well known in
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the art and therefore will not be described here in detail.
However, it will be appreciated that site router 212 can receive
packetized data communications from LAN switch and from
the wide area network and route such packetized communi-
cations to an appropriate network destination address. LAN
switch 214 directs packetized data communications received
by the T/R site to the router, to one or more trunking control-
lers and/or to site controller 211.

The RF transceiver 217 will include a radio receiver 218
and radio transmitter 220. The radio receiver 218 and trans-
mitter 220 are advantageously configured for receiving and
transmitting RF signals in accordance with a predefined air
interface protocol selected for communicating with mobile
radio units. For example, the transceiver can be configured for
implementing an air interface consistent with an industry
standard P25 communication protocol. The phrase mobile
radio units or mobile radio as used herein can include vehicu-
lar mounted radios and portable radio units which are carried
by a user. Each T/R site 210,, 210,, 210, will generally
include one or more antennas 227 for communicating with
mobile radio units in a respective communication coverage
area 228,, 228,, 228;. The coverage areas in FIG. 2 are not
shown to be overlapping, but it will be appreciated that such
coverage areas would in fact overlap. For example, the cov-
erage areas 228, 228,, 228, could overlap in a manner simi-
lar to that shown and described in relation to areas A1, A2 and
A3 in FIG. 1. The trunking controller 216 at each T/R site is
configured to facilitate trunked radio communications with
mobile units in accordance with a trunked radio communica-
tion system protocol. Accordingly, communication sessions
can in certain embodiments be instantiated using a control
channel and can thereafter be maintained using one or more
working channels. Trunking controllers are well known in the
art and therefore will not be described here in detail. Each of
the T/R sites can also include a site controller 211. In some
embodiments, the site controller 211 can be a custom or
general purpose computer processing device which is config-
ured for controlling the operation of a particular T/R site as
hereinafter described. However, the invention is not limited in
this regard and the functions of the site controller can advan-
tageously be implemented by the trunking controller 216. In
such embodiments, the trunking controller and the site con-
troller would be combined in a single processing system.

Each T/R site maintains time synchronization with the
other T/R sites by means of a time synchronization unit 215.
In some embodiments, the time synchronization unit 215 can
include a global positioning system (GPS) satellite receiver
for providing access to a common timing reference. GPS
based time synchronization systems for simulcast communi-
cations are well known in the art and therefore will not be
described here in detail. Other systems for maintaining time
synchronization are also possible, and time synchronization
units 215 can utilize any synchronization method now known
or known in the future for purposes for synchronizing simul-
cast transmissions.

Control point system 201 communicates with the T/R sites
210,, 210,, 210, by way of a suitable communication net-
work, such as a wide area network 208. According to one
aspect, wide area network 208 is advantageously selected to
be a packet switched data network. Accordingly, when con-
trol point system 201 needs to communicate with the T/R sites
210,, 210,, 2105, it does so by transmitting one or more data
packets which include header information specifying the net-
work address of the various T/R sites. Similarly, when T/R
sites 210,,210,, 210, wish to communicate with control point
system 201, they each do so by transmitting one or more data
packets including packet header information which specifies
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the network address of the control point system 201. A dis-
patch console 204 is communicatively coupled to the wide
area network 208 by means of network switching center
(NSC) 202 and an NSC router 206. The dispatch console
facilitates communications between a dispatch operator and
mobile radio units (not shown) in coverage areas 228,, 228,
228,.

The network switching center 202 maintains a dynamic
database of radios and consoles. This database includes infor-
mation specifying which communication groups eachradio is
configured to participate in, which site each radio is using to
communicate and the network address of each site. The NSC
uses this database to forward call traffic to every site and
console that needs the call data so that every member of the
communication group can receive the communication.

When each of the T/R sites 210, 210, 210, is functioning
normally (no time synchronization faults), a voice communi-
cation originating at dispatch console 204 is packetized and
communicated to the control point system 201. For example,
this can be accomplished by including with each packet a
network destination address associated with the control point
system 201. The data packets are communicated from dis-
patch console 204 to NSC 202. The packets are then commu-
nicated through NSC router 206 and wide area network 208,
to finally arrive at the control point system 201. Once received
at control point system 201, the content of the data packets
containing the voice communication are processed by the
control point system 201 and communicated to each T/R site
210,,210,, 210, for transmission. These packets can be com-
municated to the T/R sites using conventional unicast packet
communication methods in which the network address of the
various T/R sites 210,, 210,, 210, is specified as the destina-
tion address or using multicast type packet communication
methods in which the various T/R sites join the multicast
group which is the destination network address. The data
packets are used at T/R sites to generate the voice communi-
cation signal. The voice communication signal is transmitted
at each T/R site 210,, 210,, 210, at substantially the same
time, but with very small timing offsets selected to minimize
time domain interference. Accordingly, the voice communi-
cation from the dispatch operator can be received and heard
by operators of mobile units within each of the coverage areas
228, 228,, 228;. Similarly data communication signals are
routed through the NSC to the control point and signals for
transmission are communicated to the T/R sites as a stream of
data packets.

Voice and/or data communications from a mobile unit (not
shown) are received at one or more of the T/R sites 210, 210,,
210, and forwarded to the control point system 201 using
conventional packet based network communications. The
control point system 201 compares the quality of the signals
received at the various T/R sites and chooses the signal pack-
ets having the best signal quality. The selected packets are
then communicated over the wide area network 208 from the
control point system 201 to the dispatch console 204. Con-
ventional packet communications are used for this purpose.
At the dispatch console, the packetized data is used to repro-
duce the voice communication from the mobile unit for the
benefit ofthe dispatch console operator. The selected received
signal from the mobile unit can also be formatted for trans-
mission in accordance with a predetermined air interface
protocol and communicated over the wide area network 208
to each of the T/R sites 210,, 210, 210. Upon arrival at each
of the T/R sites, the packetized data is transmitted (simul-
casted) by the T/R sites. This transmission is provided so that
the received signal from the mobile unit can be received by
other mobile units within coverage arcas 228,, 228, 228,.
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Trunking operations for system 200 can be configured in
accordance with any trunking system protocol now known or
known in the future for establishing a digitally trunked simul-
cast communication system. Accordingly, system 200 can
make use of various control channels to set up calls and
establish working channels as is known. Some of these trunk-
ing operations can be managed by control point 201 and
trunking controllers 216 provided in the respective T/R sites
210,,210,,210,. The particular trunking protocol used is not
critical to the invention.

One or more of the T/R sites 210,, 210,, 2105 can experi-
ence a timing fault such that the particular T/R site can no
longer maintain time synchronization necessary for simulcast
operations. For example, a timing fault can occur when time
synchronization unit 215 fails to provide proper timing infor-
mation for a particular T/R site. In the event of such a timing
failure, the particular T/R site which has lost synchronization
can no longer participate in simulcast communications as it
will cause time delay interference with other nearby T/R sites.
Accordingly, when such a timing failure is detected, commu-
nication system 200 will automatically be dynamically recon-
figured.

Assume that a timing fault occurs at T/R site 210,. Upon
detecting the occurrence of such timing fault, the site control-
ler 211 for that site will determine that the T/R site 210, can
no longer participate in simulcast communications. Accord-
ingly, the site controller 211 at T/R site 210, will communi-
cate to control point system 201 that T/R site 210, is going
off-line. The site controller 211 will also initiate a process by
which T/R site 210, is automatically reconfigured to operate
in a multisite mode. For example, T/R site 210, will be allo-
cated a limited number of the existing channels which are
available to the simulcast system 200 for communicating with
mobile units in coverage areas 228,, 228,, 228,. Control
point system 201 will be aware that T/R site 2101 has been
allocated the selected sub-set of available channels and will
control or communicate with T/R sites 210,, 2105 to ensure
that the sub-set of available channels now allocated exclu-
sively to T/R site 210, will no longer be used by the remaining
T/R sites that comprise the simulcast system.

Upon detection of the timing fault, the site controller 211
for T/R site 210, will also initiate a packet based communi-
cation with NSC 202 to alert the NSC that T/R site 210,
wishes to join communication system 200 as a multisite com-
munication node. The NSC 202 will respond by initiating a
multisite session with T/R site 210,. Once the T/R site 210,
has established a multisite session with NSC 202, it continues
operating in that manner until the multisite session has been
terminated, at which point it can rejoin system 200 as part of
the simulcast system.

When participating in the communication network 200 as
a multisite node, the T/R site 210, no longer routes received
communications from mobile radio units to the control point
system 201. Because the T/R site 210, lacks time synchroni-
zation capability, it is no longer a participating node in the
simulcast communication session managed by control point
system 201. Similarly, when control point system 201
receives voice or data messages from dispatch console 204, it
does not forward such communications to T/R site 210, for
re-transmission. Instead, such messages are routed by control
point system 201 only to T/R sites 210,, 210, which are still
participating in the simulcasting session.

When T/R site 210, is participating in network 200 as a
multisite node, it uses the wide area network 208 to direct
received communications from mobile units directly to the
NSC 202. These received communications are then for-
warded by NSC 202 to the dispatch console so that the com-
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munication can be reproduced for the benefit of the dispatch
console operator. Accordingly, the dispatch console operator
can listen to communications from mobile units received by
T/R site 210,. Similarly, because T/R site 210, has estab-
lished itself as a multisite node in a communication session
involving network switching center 202, voice and data com-
munications that originate with dispatch console 204 can be
forwarded by NSC 202 to T/R site 210,. These communica-
tions are broadcast by T/R site 210, on one of its allocated
communication channels so that the communication from the
dispatcher can be received by operators of mobile radio units
within coverage area 228, .

With the dynamic network reconfiguration as described
herein, a dispatch console operator can continue to commu-
nicate with mobile units in a coverage area 228, when a T/R
site has a time synchronization failure. Notably, such com-
munications are facilitated without resorting to conventional
bypass procedures in which the console operator must use a
radio at dispatch console 204 to communicate in separate
communication sessions with users in coverage area 228;.
Accordingly, the dispatch console operator can take full
advantage of communication functions and features available
at his dispatch console 204 when communicating with the
malfunctioning T/R site.

In certain scenarios, a user in a coverage area 228, will
wish to communicate with a user in coverage area 228, or
228,. Accordingly, NSC 202 can selectively route communi-
cations between one or more nodes participating in network
200 as part of the simulcast communication session to one or
more nodes that are participating in network 200 as multisite
nodes. For example, a user in coverage area 228, can transmit
a voice or data message to T/R site 210,. This voice or data
message is communicated by the T/R site 210, to the NSC
202. The NSC 202 determines that certain users who are
intended recipients of the voice communication are logged
into the network 200 but are physically located in a coverage
area 228, or 228, so are logged in via control point 201.
Accordingly, the communication originating from a mobile
radio in coverage area 228, can be forwarded by NSC 202 to
control point system 201. The control point system 201 for-
wards the communication to T/R sites 210, and 210, where
the message is simulcast using RF communication channels
allocated to the simulcast communication session.

Conversely, a user in coverage area 228, or 228, may wish
to communicate with a user in coverage area 228,. In such a
scenario, a communication message will be received by one
or both of T/R sites 210,, 210, and forwarded to control point
system 201. Control point system 201 will communicate the
message to NSC 202 where the message will be provided to
the dispatch console. The message will also be forwarded by
the NSC 202 to node 210, participating with NSC 202 in a
multisite communication session. The node 210, will then
transmit the message using its allocated frequencies so that
the message can be received by mobile radio units in coverage
area 228, . Accordingly, users participating in the simulcast
communication session involving nodes 210,, 210, can com-
municate with users participating in a multisite session
involving node 210,.

The foregoing arrangement will now be described in fur-
ther detail with respect to the flowchart 300 shown in FIG. 3.
The process begins at 302 and continues to step 304 in which
aT/R site (e.g. T/R site 210,, 210,, 210,) is participating in a
simulcast communication session. At 306, a determination is
made as to whether a T/R site fault has been detected. For
example, this determination can be made by a site controller
(e.g. site controller 211). For purposes of the present inven-
tion, such a fault will usually involve a timing system fault
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that prevents the T/R site from participating in the simulcast
communication session. Still, the invention is not limited in
this regard and other types of T/R site faults may also be
evaluated for purposes of step 306. If no T/R site fault is
detected at 306, then the T/R site continues as before by
participating in a simulcasting communication session. How-
ever, if a T/R site fault is detected (306: Yes) then the process
continues on to 308 at which point participation of the mal-
functioning T/R site (e.g. T/R site 210,) in the simulcast
communication session is terminated. At 310, the malfunc-
tioning T/R site communicates with the NSC 202 to register
the malfunctioning T/R site as a multisite communication
node.

The multisite registration process can involve several steps
including the bootup step in which the T/R site 210,
announces its new operating mode to the Network Switching
Center 202 to initiate the connection, call and unit database
synchronization from the Network Switching Center 202 to
the T/R site 210, and unit registration information from the
T/R site 210, to the Network Switching Center 202.

At 312, the malfunctioning T/R site is automatically recon-
figured to function in a multisite mode. In the multisite mode
of operation, the T/R site transmits at times and frequencies
which are different from the other T/R sites that are still
participating in the simulcasting communication session. In
this mode, the malfunctioning T/R site is also configured to
communicate with NSC 202 for purposes of routing commu-
nications between malfunctioning T/R site and selected ele-
ments of simulcast network. For example, data comprising
voice transmissions received by T/R site 210, can be commu-
nicated to NSC 202 where it can be directed as needed to
various remaining elements of the simulcast communication
system (e.g. dispatch console 204 or control point system
201. Of course, multisite communications can also be
directed to another multisite type RF site (not shown in FIG.
2) which is connected to the wide area network 208 but is not
part of the simulcast system. Communications with this other
multisite type RF site would be analogous to communications
with the console 204 as described herein.

The process continues on to 314 where the malfunctioning
T/R site now operates in multisite mode, and communicates
with elements of the simulcast communication network (e.g.
dispatch console 204) through the NSC. More particularly,
voice communications received from mobile units in a cov-
erage area of the malfunctioning T/R site will be communi-
cated to the dispatch console through NSC 202. Voice com-
munications from the dispatch console will be communicated
through the NSC to the malfunctioning T/R site. Voice com-
munications received by the malfunctioning T/R site can also
be routed by the NSC to the control point system 201. The
control point system 201 will provide this voice data to the
T/R sites still participating in a simulcasting communication
session whereby the voice data can be transmitted to mobile
units within their respective coverage areas. Conversely,
voice communications data received from mobile units by the
T/R sites that are still participating in the simulcasting session
can be directed by the NSC to dispatch console 204 and/or to
the malfunctioning T/R site operating in multisite mode.

At 316 a determination is made as to whether the T/R site
fault has been corrected. If not, the malfunctioning T/R site
continues to operate in multisite mode as described. However,
if it is detected that the T/R site fault has been corrected, then
the process continues on to step 318 at which point the pre-
viously malfunctioning T/R site terminates its multisite
operational mode. The process then continues on to 320
where the T/R site communicates with the control point sys-
tem (e.g., control point system 201) to re-establish participa-
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tion of the T/R site in the simulcast communication session.
At 322, the T/R site is reconfigured to function in a simulcast
mode in preparation for participating in the simulcast com-
munication session. When the T/R site resumes synchronized
broadcasting of outbound signals and messaging to the con-
trol point 201, this can serve as a trigger to cause the control
point to return to simulcast service the channels that were
previously being used by the T/R site while in multicast
mode. At 324 a determination can be made as to whether the
process is to be terminated for any reason. If so, then the
process ends at 326. Otherwise, the process returns to 304
where the T/R site resumes its participation in the simulcast-
ing communication session.

One or more of the steps described in FIG. 3 can be per-
formed by site controller 211. The site controller 211 can be
realized in one computer system or in several interconnected
computer systems. Any kind of computer system or other
apparatus adapted for carrying out the methods described
herein is suited. A typical combination of hardware and soft-
ware can be a general-purpose computer system. The general-
purpose computer system can have a computer program that
can control the computer system such that it carries out the
methods described herein. Alternatively, a site controller 211
can be integrated as part of a trunking controller 216 so that
the functions of the site controller as described herein are
carried out by the trunking controller. Accordingly, the site
controller 211 and the trunking controller can comprise the
same processing element.

As noted above, the site controller 211 for a particular site
will determine when the T/R site 210, can no longer partici-
pate in a simulcast communication. The T/R site will then
communicate to the control point system 201 that it is going
off-line as a simulcast participant site, and will initiate a
process by which the T/R site 210, is automatically reconfig-
ured to operate in a multisite mode. Notably, when operating
in such multisite mode the particular T/R site 210, will no
longer be configured for transmitting synchronously with the
remaining T/R sites 210,, 2105. Accordingly, the potential for
time domain interference caused by transmission from T/R
site 210, in a communication coverage area 228,, 228, is
substantially eliminated. Under these circumstances it is
advantageous for the remaining T/R sites 210,, 210, to adjust
or shift their synchronized time setting to compensate for the
new coverage area overlap situation due to the missing T/R
site (e.g., T/R site 210,) in the simulcast session. Conse-
quently, once the control point system 201 has been informed
that a particular T/R site 210, is no longer going to participate
in a simulcast communication session, it can advantageously
initiate such a modification in the time synchronization set-
tings applied at each T/R site 210,, 210;. In an embodiment of
the invention, the control point system 201 can send a mes-
sage to each T/R site 210,, 210, informing these sites that a
particular T/R site 210, is no longer participating in the simul-
cast communication session. The remaining T/R sites still
participating in the simulcast communication session (e.g.,
T/R site 210,, 210,) can then access a previously determined
time synchronization table stored in memory which contains
time offsets or synchronization values most advantageous to
the current scenario. A different synchronization table can
advantageously be used at each of the remaining T/R sites
depending on which particular T/R site has temporarily exited
from the simulcast system. In other words, the remaining
simulcast sites can adjust their synchronized time setting to
compensate for the altered propagation and overlap regions
when the one site is in bypass. These altered time settings
would be preconfigured alternate settings that are in a table at
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each site and such alternate time synchronization settings are
advantageously called into action when a T/R site failure
triggers a bypass situation.

The present invention can take the form of a computer
program product on a computer-usable storage medium (for
example, a hard disk or a CD-ROM). The computer-usable
storage medium can have computer-usable program code
embodied in the medium. The term computer program prod-
uct, as used herein, refers to a device comprised of all the
features enabling the implementation of the methods
described herein. Computer program, software application,
computer software routine, and/or other variants of these
terms, in the present context, mean any expression, in any
language, code, or notation, of a set of instructions intended to
cause a system having an information processing capability
to perform a particular function either directly or after either
or both of the following: a) conversion to another language,
code, or notation; or b) reproduction in a different material
form.

Referring now to FIG. 4, there is shown a computer system
400 which can be used for the site controller 211. A similar
computer system can also be used to implement the functions
of control point system 201 and dispatch console 204. The
computer system 400 includes a processor 412 (such as a
central processing unit (CPU), a disk drive unit 406, a main
memory 420 and a static memory 418, which communicate
with each other via a bus 422. The computer system 400 can
further include a display unit 402, such as a video display
(e.g., aliquid crystal display or LCD), a flat panel, a solid state
display, or a cathode ray tube (CRT)). The computer system
400 can include a user input device 404 (e.g., a keyboard), a
cursor control device 414 (e.g., a mouse) and a network
interface device 416.

The disk drive unit 406 includes a computer-readable stor-
age medium 410 on which is stored one or more sets of
instructions 408 (e.g., software code) configured to imple-
ment one or more of the methodologies, procedures, or func-
tions described herein. The instructions 408 can also reside,
completely or at least partially, within the main memory 420,
the static memory 418, and/or within the processor 412 dur-
ing execution thereof by the computer system. The main
memory 420 and the processor 412 also can constitute
machine-readable media.

Those skilled in the art will appreciate that the computer
system architecture illustrated in FIG. 4 is one possible
example of a computer system that can be used to implement
the site controller 211. However, the invention is not limited
in this regard and any other suitable computer system archi-
tecture can also be used without limitation. Dedicated hard-
ware implementations including, but not limited to, applica-
tion-specific integrated circuits, programmable logic arrays,
and other hardware devices can likewise be constructed to
implement the methods described herein. Applications that
can include the apparatus and systems of various embodi-
ments broadly include a variety of electronic and computer
systems. Some embodiments may implement functions in
two or more specific interconnected hardware modules or
devices with related control and data signals communicated
between and through the modules, or as portions of an appli-
cation-specific integrated circuit. Thus, the exemplary system
is applicable to software, firmware, and hardware implemen-
tations. Furthermore, software implementations can include,
but are not limited to, distributed processing, component/
object distributed processing, parallel processing, virtual
machine processing, which can also be constructed to imple-
ment the methods described herein.

10

15

20

25

30

35

40

45

50

55

60

65

12

While the computer-readable storage medium 410 is
shown in an exemplary embodiment to be a single storage
medium, the term “computer-readable storage medium”
should be taken to include a single medium or multiple media
(e.g., a centralized or distributed database, and/or associated
caches and servers) that store the one or more sets of instruc-
tions. The term “computer-readable storage medium” shall
also be taken to include any medium that is capable of storing,
encoding or carrying a set of instructions for execution by the
machine and that cause the machine to perform any one or
more of the methodologies of the present disclosure. The term
“computer-readable medium” shall accordingly be taken to
include, but not be limited to, solid-state memories such as a
memory card or other package that houses one or more read-
only (non-volatile) memories, random access memories, or
other re-writable (volatile) memories; magneto-optical or
optical mediums such as a disk or tape. Accordingly, the
disclosure is considered to include any one or more of a
computer-readable medium as listed herein and to include
recognized equivalents and successor media, in which the
software implementations herein are stored.

Although the invention has been illustrated and described
with respect to one or more implementations, equivalent
alterations and modifications will occur to others skilled in
the art upon the reading and understanding of this specifica-
tion and the annexed drawings. In addition, while a particular
feature of the invention may have been disclosed with respect
to only one of several implementations, such feature may be
combined with one or more other features of the other imple-
mentations as may be desired and advantageous for any given
or particular application. Thus, the breadth and scope of the
present invention should not be limited by any of the above
described embodiments. Rather, the scope of the invention
should be defined in accordance with the following claims
and their equivalents.

We claim:

1. A method for enhanced bypass operation in a simulcast
radio communication system, comprising:

conducting a simulcasting communication session in

which a common signal is broadcast wirelessly at the
same frequency synchronously from a plurality of trans-
mit/receive (T/R) sites to a plurality of mobile radio
units dispersed in a plurality of coverage areas respec-
tively associated with each of the T/R sites;

using a packet switched network to communicate simul-

cast communications from a control point system to the
plurality of T/R sites participating in the simulcasting
communication session, where the control point system
controls simulcast operations of the plurality of T/R
sites;

facilitating dispatch communications by using the packet

switched network to receive at the control point system
dispatch data originating from a dispatch console and to
communicate the dispatch data from the control point
system to the plurality of T/R sites participating in the
simulcasting communication session;

responsive to a determination of a malfunction at a first T/R

site of said plurality of T/R sites,

terminating participation of said first T/R site in said
simulcasting communication session, without dis-
abling the simulcasting communication session in
progress at a remainder of the plurality of T/R sites,

dynamically reconfiguring said first T/R site to function
in a multisite mode of operation in which said first T/R
site transmits data to the mobile radio units within the
coverage area of the first T/R site during a non-simul-
cast communication session established with a net-
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work switching center (NSC), where the data from the
first T/R site is transmitted to the mobile radio units in
its coverage area asynchronously and at different fre-
quencies relative to the times and frequencies
employed by the remainder of said T/R sites still
participating in said simulcasting communication
session;

automatically registering said first T/R site as a multisite
T/R communication site with the (NSC) remote from
and in communication with said control point system
via said packet switched network; and

when the first T/R site is operating in the multisite mode,
selectively suspending communication of the dis-
patch data from the control point system to the first
T/R site, and instead addressing said dispatch data
from the NSC to the first T/R site when said dispatch
data is intended for mobile radio units in a coverage
area of the first T/R site.

2. The method according to claim 1, wherein the dispatch
communications further comprise

communicating said dispatch data from the dispatch con-

sole to said NSC;

communicating a plurality of data packets comprising said

dispatch data from said NSC to said packet switched
network;

receiving said dispatch data in at least one of said plurality

of T/R sites; and

transmitting with at least one of said plurality of T/R sites

a RF transmission comprising said dispatch data.

3. The method according to claim 2, further comprising
specifying a destination address of said plurality of data pack-
ets to be a network address of said control point system if said
dispatch data is intended for transmission by said plurality of
T/R sites participating in said simulcasting communication
session.

4. The method according to claim 3, further comprising
communicating over said packet switched network said dis-
patch data from said control point system to said plurality of
T/R sites participating in said simulcasting communication
session.

5. The method according to claim 2, further comprising
specifying a destination address of said plurality of data pack-
ets to be a network address of said first T/R site when said first
T/R site is operating in said multisite mode.

6. The method according to claim 1, further comprising:

receiving a radio transmission at one or more of said plu-

rality of T/R sites; and

communicating from said one or more T/R sites to said

packet switched network a plurality of data packets
including data comprising said radio transmission.

7. The method according to claim 6, wherein said radio
transmission is received at one of'said T/R sites participating
in said simulcasting communication session, and wherein
said communicating of said plurality of data packets from
said T/R site further comprises specifying said control point
system as the network destination address for said plurality of
data packets.

8. The method according to claim 7, further comprising
communicating using said packet switched network said data
comprising said radio transmission from said control point
system to said NSC.

9. The method according to claim 8, further comprising
selectively communicating said data comprising said radio
transmission from said NSC to said first T/R site when said
T/R site is operating in said multisite mode.

10. The method according to claim 6, wherein said radio
transmission is received at said first T/R site operating in said
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multisite mode, and wherein said communicating of said
plurality of data packets from said T/R site further comprises
specifying said NSC as a destination address for said plurality
of data packets.
11. A method for enhanced bypass operation in a simulcast
radio communication system, comprising:
simulcasting from a plurality of transmit/receive (T/R)
sites in a simulcasting communication session in which
a common signal is broadcast wirelessly at the same
frequency synchronously from a plurality of transmit/
receive (T/R) sites to a plurality of mobile radio units
dispersed in a plurality of coverage areas respectively
associated with each of the T/R sites, said T/R sites
responsive to a control point system which controls
simulcast operations of the plurality of T/R sites;

facilitating dispatch communications by using a packet
switched network to receive at the control point system
dispatch data originating from a dispatch console and to
communicate the dispatch data from the control point
system to the plurality of T/R sites participating in the
simulcasting communication session;

responsive to a determination of a malfunction at a first T/R

site of said plurality of T/R sites, automatically:

terminating participation of said first T/R site in said
simulcasting communication session, without dis-
abling the simulcasting communication session in
progress at a remainder of the plurality of T/R sites;

communicating with a network switching center (NSC)
using the packet switched network to register said first
T/R site with the NSC as a multisite communication
node, where the NSC is located remote from and in
communication with the control point system via the
packet switched network;

reconfiguring said first T/R site to function in a multisite
mode of operation in which said first T/R site trans-
mits data during a non-simulcast communication ses-
sion established with the NSC, where the data is trans-
mitted at times and frequencies which are different
from those employed by the remainder of said T/R
sites participating in said simulcasting communica-
tion session; and

when the first T/R site is operating in the multisite mode,
selectively suspending communication of the dis-
patch data from the control point system to the first
T/R site, and instead addressing said dispatch data
from the NSC to the first T/R site when said dispatch
data is intended for mobile radio units in a coverage
area of the first T/R site.

12. The method according to claim 11, further comprising
using said NSC to route communications between the dis-
patch console participating in said simulcasting communica-
tion session, and said first T/R site operating in said multisite
mode.

13. The method according to claim 11, further comprising
using said NSC to route communications between said first
T/R site operating in said multisite mode, and said control
point.

14. The method according to claim 11, further comprising
responsive to elimination of said malfunction automatically
terminating said multisite mode of operating by said first T/R
site, and communicating at least one message from said first
T/R site to said control point system to re-establish partici-
pation of said first T/R site in said simulcasting communica-
tion session.

15. A simulcast radio communication system with
enhanced bypass operation, comprising:
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a plurality of transmit/receive (T/R) sites participating in a
simulcasting communication session in which a com-
mon signal is broadcast wirelessly at the same frequency
synchronously from a plurality of transmit/receive (T/R)
sites to a plurality of mobile radio units dispersed in a
plurality of coverage areas respectively associated with
each of the T/R sites;
each of said plurality of T/R sites responsive to a control
point system controlling simulcast operations thereof,
said control point system facilitating dispatch commu-
nications by using the packet switched network to
receive dispatch data originating from a dispatch con-
sole and to communicate the dispatch data from the
control point system to the plurality of T/R sites partici-
pating in the simulcasting communication session;
a site control processor provided at each of said plurality of
T/R sites, each responsive to determination of a mal-
function at a respective T/R site of said plurality of T/R
sites where said site control processor is located, each
said site control processor automatically:
terminating participation of said respective T/R site in
said simulcasting communication session when said
respective T/R site is determined to be malfunction-
ing, without disabling the simulcasting communica-
tion session in progress at a remainder of the plurality
of T/R;

communicating with a network switching center (NSC)
using a packet switched network to register said
respective T/R site that is malfunctioning with the
NSC as a multisite communication node, the NSC
being located remote from and in communication
with the control point systems via the packet switched
network;

reconfiguring said respective T/R site which is malfunc-
tioning to function instead in a multisite mode of
operation in which said respective T/R site transmits
data to the mobile radio units within the coverage area
of'therespective T/R site during a non-simulcast com-
munication session established with the NSC, where
the data is transmitted at times and frequencies which
are different from those employed by the remainder of
said T/R sites still participating in said simulcasting
communication session; and

wherein said control point system selectively suspends
communications of the dispatch data to the respective
T/R site when said T/R site is in said multisite mode of
operation, and said NSC instead addresses said dis-
patch data to the respective T/R site when the dispatch
data is intended for the mobile radio units in the cov-
erage area of the respective T/R site.

16. The system according to claim 15, wherein said NSC
routes communications between the dispatch console partici-
pating in said simulcasting communication session, and said
respective T/R site which is malfunctioning when said
respective T/R site which is malfunctioning is operating in
said multisite mode.

17. The system according to claim 15, wherein said NSC
routes communications between said respective T/R site that
is malfunctioning, and said control point system.
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18. The system according to claim 15, wherein said site
control processor is responsive to elimination of said mal-
function to cause termination of said multisite mode of oper-
ating by said respective T/R site which had been malfunction-
ing, and to cause at least one message to be communicated
from said respective T/R site to said control point system to
re-establish participation of said respective T/R site in said
simulcasting communication session.

19. A method for enhanced bypass operation in a simulcast
radio communication system, comprising:

simulcasting from a plurality of transmit/receive (T/R)

sites in a simulcasting communication session in which
a common signal is broadcast wirelessly at the same
frequency synchronously from a plurality of transmit/
receive (T/R) sites to a plurality of mobile radio units
dispersed in a plurality of coverage areas respectively
associated with each of the T/R sites, said T/R sites
responsive to a control point system controlling simul-
cast operations thereof;

responsive to a determination of a malfunction at a first T/R

site of said plurality of T/R sites, automatically:

terminating participation of said first T/R site in said
simulcasting communication session, without dis-
abling the simulcasting communication session in
progress at a remainder of the plurality of T/R;

communicating with a network switching center (NSC)
using a packet switched network to register said first
T/R site with the NSC as a multisite communication
node, where the NSC is located remote from and is in
communication with the control point system via the
packet switched network;

reconfiguring said first T/R site to function in a multisite
mode of operation in which said first T/R site trans-
mits data during a non-simulcast communication ses-
sion established with the NSC, where the data is trans-
mitted at times and frequencies which are different
from those employed by the remainder of said T/R
sites participating in said simulcasting communica-
tion session; and

reconfiguring at least one of said T/R sites still in simul-
casting communication session to use a modified site
timing offset which has been optimized for a scenario
in which said first T/R site functions in said multisite
mode;

wherein the NSC selectively addresses dispatch data
directly to the first T/R site when the first T/R site is in
a multisite mode of operation.

20. The method according to claim 19, further comprising:

responsive to elimination of said malfunction automati-

cally terminating said multisite mode of operating by
said first T/R site; and

reconfiguring said at least one T/R site still in said simul-

casting communication session to discontinue use of
said modified site timing offset and to revert to a site
timing offset optimized for a scenario in which said first
T/R site is functioning in simulcast mode.
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